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| FOREWORD

This report documents significant modifications to
CONFAC I and CONFAC II, which are digital computer
| programs used to determine geometric configuration
‘ and form factors. These factors are essential to
thermal and luminous radiant interchange analyses.
This effort, sponsored by the NASA Houston Manned
Spacecraft Center under Contract NAS9-4133, was »
- dirécted by R. Brown and R. Durkee of the Thermal
Systems Branch and represents the completion of the
second stage in the development of a general form
factor computer program.

The original Air Force documentation of CONFAC I
" and CONFAC II has been revised accordingly; this
report is issued in two volumes, identified as SID 65-
1043w g ST 65104, '

- iii -
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PREFACE

The FORTRAN IV Computer Program descnbed here is a modlfxed
version of the first conflguratlon factor program developed by North
American Aviation as part of the Air Force Thermal and Atmospheric -

- Control Study (Reference 5). The original CONFAC I computer program has
been extensively modified since it was first issued, primarily as a result of
the development of CONF. AC 1I, which extended capabilities of the basic
program into solid geometry. Because of the larger space requirements of
CONFAC II, storage space for surface data is extremely limited. Hence,
although CONFAC II computes factors between plane surfaces in the same
manner as CONFAC I and is practically as rapid, CONFAC I'has been prin-
cipally used for such purposes. When larger computer memory becomes’
available, the C'ON‘FAC I version will probably no longer be neeaed.

Because CONFAC 1 is different in program structure but basically
identical to CONFAC II in analytical procedure, matenal relating to analysis
' is practically identical in both volumes of this report. Also, the sample
problems illustrating the use of CONFAC I are very similar to those of
CONFAC II. The presentation of data and output are slightly different
because of the limited capabilities of CONFAC I.

CONFAC I MODIFICATIONS
The principal modifications to CONFAC I consist of the following:

1. The program has been converted from IBM FORTRAN II to
IBM FORTRAN IV.

2. An automatic factor request generator has been incorporated.
A single pseudo-factor request named GROUPRUN may now be
used to compute a combinational sequence of factors between
surfaces entered in data.

3. Modifications in data entry have also been made to permit com-
pression of numerical data by use of FORTRAN IV NAMELIST,
and to allow printout of card images of data prior to data
processing, making possible rapid scanning for errors and data
modifications.

-V -
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The pseudo-transformation command '""9R'' has been incorporated
to effect a 180° reversal of a surface orientation vector. The
need for a transformation data entry or another surface data entry
is eliminated,

Data entry of transformation data has been modified to permit use
of the CONFAC II' data entry format. Compatibility with the
original CONFAC I transformation data format has been

" maintained.

Forrhati'ng and execution of the factor request has been changed to
permit automatic repetition of output mode and/or mapping incre-
ment specifications,

_Vi_
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h,k,1

i,j.k

X,Y,Z or
X,Y,%

a, B,Y

Subscripts

A,B,C

AA
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NOMENCLATURE.

Area

~ Excha,nge coefficient

Configurafi@m factor (italicized)

Form facfc;r (italicized)

Translation components

Unit vectors along the X-, Y-, Z-axis, respectively
Center of unit sphere, origin of coordinate system
Radius of sphere

Disténce.' bgtﬁveén two areas

Spatial coordinates of a point relative to X, Y, Z axis
Direction angles of a line relative to X, Y, Z axis
respectively

Angle between Z axis and vector normal to plane
Angle between two vectors

Numerical constant = 3. 14159 +

Solid angle

Points on an area
Sector

Finite incremental area

- xi -
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dA Differential area

dA;A From a diife;‘»ential area to an area
1,2, “Areas 1,2,

12 | Ar‘ea‘l.tofarea 2

€ Ellipti'éa.l

- xii -
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INTRODUCTION

The geometric form factor, fj2, is defined as the fraction of radiant o
energy emanating from f1mte surface A} and intercepted by another surface

A2 :

'f‘ : Flux received by finite surface A

i&e. F lux emitted by finite surface Aj]

The geometnc conﬁguratmn fa.ctor c}2, is defined in a similar manner,
except that the emlttmg surface is infinitesimal (sometimes designated as the
plane point configuration factor),

Flux received by finite surface,lAp

€12 ~ Flux emitted by infinitesimal surface dA;} (2)

The subscripts denote the direction of flow of net flux; ¢, and f), pertain
respectively to the configuration and form factor from surface A; to surface
A2. It is assumed that each surface is isothermal and radiates diffusely,
i.e., follows Lambert's cosine distribution law.

The '"closed-form'' determination of the configuration or form factor
by classical integration techniques is impossible or impractical in most situa-
tions. Experimental techniques and devices have been reported in the litera-
ture (Reference 1), and probably the most useful is Pleijel's globoscope
(Reference 4). Experimental techniques produce only the configuration factor,
however. Nonetheless, they are useful for many applications where only one

or a few conngurauon factors are requlreu and nominal accuracy is buJ..LLC].E:i_t

However, if a large number of form factors are required in a short
period of time, experimental techniques are not practical. This report pre-
sents a numerical method and a computer program which permits rapid and
accurate computation of configuration and form factors between plane sur-
faces, and plane or nonplanar surfaces. The source (surface 1) may be any
general plane polygon; the receiver (surface 2) may be any arbitrarily
oriented general plane or nonplanar polygon. Form factors (which nominally
are derived from 625 configuration factors) are computed rapidly, averaging
less than 2 seconds by IBM 7094 time for simple plane surfaces. Table 1
compares solutions obtained by CONFAC I to those given in Reference 1.

SID 65-1043-1
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Table 1. Comparison of Configuration and Form Factors Computed
by CONFAC I to Those Given in Reference 1

‘ Computer (Trapezodial Rule)
Configuration : Reference 1 | 24 x 24 grid | 60 x 60 grid
P-1, X =1, Y =1 0.13853 0.138532 0.138532
X=0.1, Y=0.1 0.00314 0.003141 0.003141
X=1, Y =4 0.17525 0.175270 0.175270
X=01, Y=0.4 0.01147 0.011471 0.011471
X =1, Y = o 0.17678 0.176777 0.176777
X=0.1, Y =% 0.02488 0.024876 0. 024876
P-2, §=30°, L=0, N=1 0.4665 0.466506 0.466506
p =30°, L=1, N=1 0.1759 0. 175923 0.175923
p =30°, L=0, N=4 0.4665 0.466506 0.466506
p =30°, L =4, N=4 0.0964 0.096447 0. 096447
P 1‘20° , L=0, N=1 0.125 0.125000 0.125000
p =120°, L =1, N=1 0.0236 0.023554 0.023554
p =120°, L =0, N=4 0.125 0.125000 0.125000
p =120°, L =4, N =4 0.0077 0.007683 0.007683
A-1, X =1, Y =1 0.19982 0.19972 0.19981
X=0.1, Y=0.1 0.00316 0.00316 0.00316
X =1, Y =4 0.34596 0. 34559 0.34590
X=0.1, Y =0.4 0.01207 0.01207 0.01207
X =1, Y = o% 0.41421 0.40549 0.41075
X=0.1, Y =% 0.04988 0.04884 0. 04946
A-2, § =30°, L=1, N=1 0.6202+ 0.61769 0.61878
p =30°, L =4, N=4 0.3961+ 0.39431 0.39450
p =120°, L =1, N=1 0.0870+ 0.08665 0.08662
g =120°, L =4, N =4 0.0433+ 0.04272 0.04235
sk 8 .
"10 was assumed to approximate o for computer run
tThese values were obtained by numerical integration across surface Al’
according to Reference 1

SID 65-1043-1
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SECTION 1. ANALYTICAL PROCEDURES

CONFIG'URATION A_ND FORM» FACTOR

The genera.l equatlon that must be solved in the determination of the
radxant-intercha.nge form factor is (see Figure 1)

- f/- [/AZ cos 91, CO:S:Z dAszl "

The following part of the integrand is the factor from the elemental surface
dAj to the total surface Ap, referred to as the configuration factor or pla.ne
point factor, cj2: :

’ cos 8; cos 6, ‘ : |
ez =ff dA (2)
12 / A, 52 2

The r-e{fo:re' , :

f12 =A_11[,[A1 €1z 94 (3)

A very simple geometric interpretation of Equation 21is given by Nusselt.
The principal value of the Nusselt concept is that the computational procedure
is simplified and made more accurate by the fact that no mathematical or
numerical integration is required to compute the configuration factor. How-
ever, the Nusselt method yields only the \,ufoLsuL ation factor from the

elemental area dAj; one must still integrate all such factors over surface Al
to yield the form factor f;, as given in Equation 3.

The Nusselt concept utilizes a hemisphere of radius R constructed over
the incremental plane area dAj, as shown in Figure 1. Every point defining
the boundary of surface A is projected radially to the hemisphere surface
and then vertically downward to the plane of dAl, the equatorial plane of the
hemisphere. The locus of all points thus projected encloses an area, A'',
on the hemisphere base. This area A''p, divided by the area of the base, is
the configuration factor from dA | to Aj.

SID 65-1043-1
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Figure 1. Nusselt Geometrical Relationships
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_ 'The validity of this conclusion can be demonstrated as follows. jN‘ote‘
that the elemental area dA> is described in surface A by the elemental solid
angle dwj, or -

cos 92 dAz

 dey = (4)
ol s2 ‘
- Simila.rly,"‘on th.e sph'ere having radius R,
\ : S
‘ . , dAi | | R | -
W, Eoo——— . '
1 R2
Because dA:—;: is the projection of dA, on the hemisphere base,
1
1 Az = oo : (6)
Inserting Equation 6 in Equation 5,
1
dop = —5——— (7)
R%cos 9,

The right side of Equation 4 appears explicitly in Equation 1 and, because
Equation 7 is identical to Equation 4, Equation 2 becomes

1"
dA ,
cos 0] / aA ) ijz 2 Ay
€12 :fl = 2 N
As \R cos 0,
- \ */

For a sphere of unit radius (unit sphere),

Cl2 =% (8)

which completes the proof of Nusselt's method. By inserting Equation 8 in
Equation 3, the original equation becomes greatly simplified; only one area
integration is now required.

f12 :‘A—II/fA fvidAl )

SID 65-1043-1
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The computer program described herein solves Equatmn 9 numer1ca11y
by successive algebraic evaluation of A5 at preselected points on surface Ay,
with subsequent numerical 1ntegrat1on to yield £y, or

1 A2 | |

It should be emphasized that area A'2" is, in fact, formed by the doubly
projected silhouette of surface Ay as it appears from dA;.

The element dA; is aésumed to be oriented in the xy plane and at the

| origin of the coordinate system of surface A;. The area A} can be found
from the line integral where y; = F(xj) is the locus of the boundary of A},

_ 1
2 —_2_[C (xl dy,; - v, dxl) (11)

Let z = F(x,y) be the locus of the silhouette of A2, and S the distance from
dA; to the point {x,y,z) on the silhouette of A,.

S=\/;2+y2+z2

From similar triangles,

_ X - L L
x1 —E’dxl_SdX+Xd<)
. d -2 dy +y d —)
Yl - g’ Yl S Y Yy <
Inserting in Equation 11
Ag:if xdy - ydx (12)
2 J¢C g2

Equation 12 can be transposed to finite difference form by replacing the
differentials with increments for numerical evaluation. Because of the prob-
lems of increment size control, it appears desirable to solve Equation 12 for
a finite line segment in space and to allow the analyst to control accuracy of
configuration factor computation by suitable selection of line segments
describing surface 2. If the surface is actually a polygon or polyhedra, the

-6 -
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simuletion is perfect if the surface boundary is curved, like a disk, for
example, the validity of the result is a functlon of the number of hne o
segments used.

However,, a2 much slmpler and more easily understood geometric deri-
_ vatlon, using the unit- sphere, yields the result in superior computational
- form. Referrmg to Flgure 2, note that the radial projection of line segment
AB on the hemisphere’ surface forms the circular arc A'B’. Pro_)ectlon of
A'B' to the base plane produces the e111pt1ca1 arc A"B", forming the elliptical
section A"OB" with the orlgm

If all line segments descnbmg surface 2 are similarly projected, the
area AY will be formed by a closed series of elhpt1cal arcs. Surface A,
does not have.to be a plane. Actually, the area AZ results from the geometry
of a silhouette; any surface or object projecting an identical silhouette in the
same spatial position on the hemisphere surface will produce the same area
A and the same point factor. :

Inspectwn reveals that the magnitude of area Az can be determined by
computing the area of each elliptical sector, properly signed, followed by an
algebraic summatmn.

In Figure 2, the area of elliptical sector A, is the projected area of

circular sector Ag. If the angle between the plane of the circular sec¢tor
A'OB' and the xy plane is y, then

AE
cos Y :X (13)

The area Ag is computed from the usual polar equation, with 6 in radians,

As =+ R%
2
For the unit radius sphere,
0
A = 14
s =5 (14)

Substituting Equation 14 in Equation 13, and solving for A,

6
Ae :_2"'COS Y (15)

SID 65-1043-1
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For a polygon of N sides, the net area A'Z'.‘ is found by algebraic summation of
all computed A¢.

Ay = %_ z @n cos yu ' | (16)

Substituting in Equation 8, we have

Ciz < E!;- Z en cos Yn . (17)

A general analytical derivation of this equation is given in Reference 3,
and is reported to have been originally developed by Omoto in 1924.

The absolute value notation will be explained later. The use of vector
algebra greatly facilitates the computation of § 6 and cos y. Taking, for
example, directed line segments of OA and OB, the vector dot product is
OA-OB = xa%xpg t YAYR t ZAZB (18)
The cross product OA x OB in determinant form is
i j k

O—:AXC—)-—B= XA YA Z'A

XB YB ZB

which, upon expansion, becomes the normal vector VN,
VN = OA x OB = (vazp - zAYBIL T (xpzp - zpxalj t (zayp - xBYA)K (19) °

where i, j, and k are mutually orthogonal unit base vectors directed along
the principal axes.

VN is equal in magnitude to twice the area of the triangle AOB and
is oriented normal to the plane of AOB so that the three vectors form a right-
handed system. The magnitude is computed by the Pythagorean theorem,

= | 2 2
!VN! ‘\/ (yazp - ZaYR)® + (xpza - xA2B)° + (XAYB - Xpya) (20)

SID 65-1043-1
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The angle 6 may be evaluated from either the dot or the cross product by use’
of inverse functions, specﬁtcally

| Oria.fyvcos"'rl | Ga. OB or sin"! I{;;II
SRS i R -

However, an overall economy of computatlon results from the use of the
arctan function, :

9 = tan (21)
. OA - OB

As noted earher, the angle y is defined as the angle between the plane
of AOB and the Xy plane. Itis also the angle between the vector VN and the
z axis; cos Y is therefore the direction cosine of VN with respect to the
z. axis. Usmg the z component in Equation 19,

xyt»-\xy : _ .
cosY = AB..'BA ‘ (22)
| Vil '

If the numerator and denominator are both divided by 2,

X

AYB BYA

- X
cos ¥ = — i
VN

2
This shows that cos Y is also equal to the ratio of the signed projected area
of triangle ACB on the Xy plane and the plane area of triangle AOB.

In the right-handed system shown, cosY is positive when the order of
‘c_:,omputation of the vectors in the cross product causes the normal vector
VN to point in the direction of the + z axis (0 <Y<90). The order in which one
proceeds from point to point on the boundary of surface 2 will sign each
elliptical sector accordingly; however, because the sectors are summed
algebraically, the same absolute magnitude will result regardless of order.
Because the point factor is always a positive number, the order is compu-
tationally unimportant. Nevertheless, the program requires that data be
entered in counterclockwise order for other reasons. This will be discussed
in more detail later. '

SID 65-1043-1
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B (1,3,3)

c @,1,3)

Figure 2. Geometry of Configuration Factor Computation

- 10 -
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The relative ease with which the point factor can be computed is best’
illustrated by an example. Using the triangle shown in Figure 2, and start-
ing with line segment AB, from Equation 18.

- - } '
.OA - OB 1+3+9=13

From Equation 20

B

'iéixcfé' =\/(-£>)2+0,+(2)2 = J40

Fro,mv Equation 21

6AB

1]
g
:l
t\
o

'—'—] Z 0.453
From Equation 22

GOS Yap = = 0.316

2
V40

Moving to BC,

5
&

3+3+9=15

IGBCI —\/62+62+(-8)2 = 136

1[@]5
L 15 ]

eBC = tan” 0.661
cos Y = :_—E_-_ = -0.686
BC /136

Finally, line segment 62,

OC - OA =3+1+9=13
Vya =\/o P62 + (-2)2 = 40

- 11 -
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- 40 |
OCA = tan~! —1'3— = 0.453
cos - =2 - 0.316
YCA 20

The conﬁgur‘atio‘n factor is, therefore, from Equation 17,

‘CIZ = '51; 2(0.453) (0.316) + (0.661) (-0, 686)
= L| _o0.167
2r}
c12 = 0.0266

Note the repetitive nature of the computation. Thus, all surfaces
represented by straight line segments in space can be analyzed in the
simple, direct manner shown.

COORDINATE TRAN;SFORMATI‘ON

The task of computing factors, even when simple 'closed-form™"
solutions are available, is often laborious because the surfaces under con-
sideration appear in difficult, skewed relative positions. A significant part
of this effort has been eliminated by the program through the possibility of
general coordinate transformation (translation and/or rotation). Surface
data may be entered for each surface using an individually convenient local
origin. The surfaces may then be linked together by transforming one or
both surfaces to a convenient third origin that is common to both surfaces.

Actually, two different types of coordinate transformation are used by
the program. The transformation discussed in the prior paragraph is
termed a "primary' transformation, and is under control of the user through
transformation data entry. The second type of transformation is termed an
"auxiliary'" transformation, and is under internal program control only. An
auxiliary transformation transforms the surface coordinates of both surfaces
into a new coordinate system formed so that the xy plane of the coordinate
system lies in the reference plane of one of the surfaces. The reference
plane of a surface is the plane formed by the first, second and last point
describing that surface. The origin of an auxiliary coordinate system is
located at point 1 in the particular surface controlling the transformation.

-12 -
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‘The x-axis is dlrected along the hne segment formed by p01nts 1 and The
. surface unit onentatlon vector becomes the z-axis; the y-ax,xs is computed

orthogonal to the x- and z-axes, thus locatmg the xy plane in the control

surface reference plane.-‘

The auxihary transformatmn actually serves two’ purposes. Flrst, it
is utilized by Subroutine DOICU to facilitate reconstruction of the "seen" -
part ef surfaces that are not entirely seen by the other surface. Second._
the program requu'es that prior to computatlon of the conﬁguratwn factors,

surface 1 must appear in the xy plane of the final coordma.te system along

with surface 2 in its proper: relative position. This is necessary to enable
Subroutine MAP to select pomts on surface 1 from which factors to surface 2
may be directly cornputed ot from whlch s11houettes of surface 2 may be

- ‘ generated and factors computed

For example, Suppose Fxgure 3 represents the surfaces of various
items: of eq\upment appearing in a compartment. The unprxmed coordmate '
system shown may be conveniently chosen at a. corner or axis of aymmetry,
possiblyas _shown on a mechanical drawing. - “This systéem may not be con~
venient for data entry of the disk, however. The primed coordinate system
with the origin at the center of the disk is the more logical choice in this
case. The disk data can then be transformed from the primed to the unpnmed
system by a primary transformation. The plate coordinates can be easily
entered from the unprimed system. Now, suppose we desire the form factor
from the disk to the plate. If the data are entered as discussed above
(including the transformation data), the program will primary transform disk
coordinates to the unprimed system. Since the disk is bisected by the plate,
an auxiliary transformation of all coordinates, both disk and plate, will be
made from the unprimed to the quad-primed system. That portion of
the disk appearing above the active side of the plate will be determined, and
an auxiliary transformation of the plate and truncated disk will be made to the
double primed coordinate system, i.e., the reference plane of the disk. The
disk is now in a position for mapping, and the plate coordinates are proper
for obtaining the configuration factors. A similar manipulation of surface
data would be made to obtain the form factors to the sides of the cube.

The transformation technique utilized for a primary transformation
differs from the customary method whereby old coordinates plus translation
data and direction cosines or Euler angles are supplied, from which a new
set of coordinates are derived. The program requires the coordinates of
any three points (not in a line) measured from the new origin. These data
are then used to derive direction cosines and translation terms, by which the
old coordinates are then transformed to the new origin.

- 13 -
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The reader may find it easier to visualize transformation in terms of
the movement of the surfaces instead of the origins. In the case of the disk,
again referring to Figure 3, we may say we generated the disk with its center
at the origin of the unprimed system and in its xy plane, and then moved the
surface to the position indicated by the primed system. This viewpoint
appears more realistic when motion is simulated by transforming a surface
along a partlcular path.

The mathemat1ca1 treatment of primary and aux111ary transformation is
presented in Append1x C of Volume II,

%A
' g

PLANE T~
X

Figure 3. Surface Coordinate Transformation

- 14 _
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SECTIONII. COMPUTER PROGRAM CONTENTS

PROGRAM DESCRIPTION

The program is written in IBM 7094 FORTRAN IV source language.
The source deck consists of the main program and subroutines UNIVEC,
SELEK, DATA, TXFRM, DOICU, MAP, and FACTOR. Algebraic routines
required from library tape are SQRT (square root), ARCTAN (inverse
tangent trigonometric function). FORTRAN logical tapes 5 and 6 are used in
the NAA computing system '""NAASYS'" for input/output. In addition, logical
tape 3 is used by CONFAC when card image printout of data is desired., IBM-
IBSYS facilities utiliéing different tape numbers may easily alter tape assign-
ments by using a $NAME control card. The source programs are presently
dimensioned so that a 32 K core size is required. '

Main Program

The main program reads title cards, surface data and transformation
data name cards and factor requests from input tape 5, If a card image
printout is desired, each card image is printed on output tape 6 and auxiliary
tape 3., After reading is terminated by an END card, tape 3 is then used as
the input tape.

When a factor request card is detected, the main program directs flow
as required to subroutines TXFRM, DOICU, MAP and FACTOR. Program
results are output by the main program,

Subroutine UNIVEC

This subroutine computes the components of a unit orientation vector
normal to the reference plane formed by the first, second and last point in
surface data classes 1, 3, 4 and plane 6. The cross product of vectors 1-2
and l-last is computed and normalized., The vector is formed normal to
point 1, and is located on the active side of the surface, thus orienting the
surface.

It also computes a new fourth point normal to the new three points sub-
mitted in.transformation data and an old fourth point normal to the old three
points in the surface data to be transformed.

- 15 -
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Subroutine SELEK "

This 'éubroutine‘ selects, according to the name of the data given in the
factor request, the location of the data bearing the same name in the surface
and transformation data arrays.

Subroutine TXFRM

The first section performs the auxiliary transformation, This transfor-
mation is used to reconstruct a surface which is bisected by the second
surface, It also tests surface 1 to determine if the reference plane is sub-
stantially in the xy plane of its coordinate system, If it is not, an auxiliary
transformation is effected to move the surfaces to fulfill this requirement
prior to computation of factors,

This subroutine also performs a primary transformation as indicated
by factor requests and transformation data. This transformation, if indi-
cated for a surface, is accomplished prior to entry to subroutine DOICU so
that tests of the surface ''view" of each other occur in their transformed
position(s).

The pseudo-transformation '"9R'" is accomplished in this subroutine,
This operation merely reverses the order of data entry and orientation vector
of plane surfaces as indicated in the factor request, The original surface
data is not disturbed by any transformation; temporary storage is utilized,

Subroutine DOICU

The function of this subroutine is conveyed literally by its name DO-I-
C-U. Given surfaces Al and A2 with the "active' side of each surface
identified by the surface orientation unit vector, the question is asked: Is
all, part, or none of surface Al '"seen' by A2? Conversely, dees A2 see
all, none, or part of A1? This is accomplished by computing the vector dot
product formed by the unit vector in one surface with the vector formed by
point 1 in the first surface and each point in the other surface (see Figure 4),
The sign of the dot product indicates whether the angle between the vectors
is less or greater than 90°, which reveals the position of the point relative
to the plane of the viewing surface. In Figure 4(a) the dot products from
surface Al to A2 are all positive and, conversely, all are positive from A2
to Al; Al sees all of A2; A2 sees all of Al. However, in Figure 4(b) all dot
products from A2 to Al are positive, but from Al to A2 they are all negative,
Hence, in general if all dot products from one surface to another are negative,
then the surfaces do not see each other, even though the converse products
may be positive, There is also the trivial case where all products are zero,
in which case the surfaces are in the same plane, and obviously cannot see
each other,

- 16 -
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Figure 4. DOICU Surface Analysis
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Figure 4 (c) shows a surface A2 bisecting surface Al. In this case,
some of the dot products from A2 and Al are positive and some negative.
In Figure 4 (d) both Al and A2 are bisected. Nonplanar surface A3 was added
to show how it would be bisected by Al. Surface A3 has no orientation vector
and thus no test is made of the view from this surface. The vertical dashed
line in A2 represents how the plane 1-2-5-6 in A3 might bisect A2, DOICU
will not detect this condition. If the configuration factor, Ccz3, were required,
DOICU would properly bisect A3, However, if the factor to the concave side
only is desired, an error would result because part of A2 sees the convex
side of A3, This represents one of the limitations of CONFAC I that is
carried over to CONFAC II.

If a surface is bisected, DOICU reconstructs the surface data to
exclude the area not seen by the other surface. If point 1 in the original
surface is removed as a result, a new orientation vector is created over
the new point 1 as shown in Figure 4 (c). Notice that in reconstructing A3
(Figure 4 (d)), DOICU created the new array 1, 2, 3, 4', 5'. This "surface"
is identical to the actual surface seen by Al insofar as factor computation
from Al is concerned.

The bisection of a surface is done in a simple manner, with the aid of
the auxiliary transformation capability. For example, in Figure 4 (c) the
coordinates of both surfaces are transformed so that AZ lies in the xy plane
of the auxiliary (primed) coordinate system. Each point in Al is tested, in
numerical order, until a change in the sign of the z-coordinate occurs. The
coordinates of the new points where the transition line segment crosses the
x'y' plane (z' = 0) are obtained by computing x and y intercepts of traces
projected on the x'z! and y'z' principal planes,

Subroutine MAP

The double integral in Equation (9) and its numerical counterpart in
Equation {(10) mathematically represent the volume under a surface defined
by the configuration factor cj2 = f(x,y). Subroutine MAP decides the
location (x, y) from which each factor to surface 2 will be computed.

It is assumed that surface 1 is a plane surface throughout. The
program insures only that the reference plane of surface 1 is in the xy plane
of the final coordinate system. MAP will use the x,y coordinates of all
points, and assumes a value of 0 for all z coordinates. This procedure
cannot properly map a nonplanar surface.

Subroutine MAP determines the maximum y coordinate and the minimum

y coordinate from among the points defining surface 1 (Figure 5). The total

- 18 -
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Figure 5. Surface 1 Mapping Procedure
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’ vert1ca1 dlstance between Ymax and me is dxvxded 1nto equal vert1ca1
mcrements as specified by the run ‘instructions. Then, horizontal lines
are scribed across (parallel to the x-axas) the surface at each vertical ,

increment position, mcludmg Ymax 2nd Ymin- - The point at which a honz“ont'al
line intersects the left (toward the negative x-dlrectlon) boundary of surface 1
is termed ”x-left" and the intersection on the right, "x- -right." Each
horizontal line segment thus Created is termed a "mapping line''. Each
mapping line segment is also lelded into an equal number of increments

as specified by the factor request,  All mapping lines are divided into the
' same number of mcrements not necessarily the same size of increment,
‘Obviously, if surface l converges to & point instead of a line at ymay OF

Ymin’ the horlzontal increment is 0, A configuration factor is computed at
‘each increment point along a mapping line, including x—left and x-right,

which means the number of factors per line is one greater than the number

of 1ncrements. ' :

The m&mber of irr'c-zv"_e‘ments is automatically set to 24 horizontal and 24
vertical by a title card, but can be separately specified by input data to 6,
18, 24, 30, 36, 42, 48, 54, or 60. The details are discussed in Section IV.

A typical example of surface 1 mapping using a standard (24 x 24)
increment is shown in Figure 5 (c). The mapping area is also computed by
subroutine MAP; it is the sum of the rectangular areas formed by each
mapping line. A measure of form factor accuracy is the degree with which
the mapping area approximates the actual surface area.

Figure 5 (a) illustrates a surface 1 orientation that cannot be satisfac-
torily mapped; the crosshatched area will be ignored. The program does not
allow more than one left and one right intersection between a mapping line and
the surface boundary; the program will detect this condition and print a diag-

nostic warning. This restriction may be avoided by rotating the surface in
Figure 5(b).

Subroutine FACTOR

This subroutine computes configuration factors from each point on
surface 1 selected by MAP to surface 2. The exchange coefficient is com-
puted by numerical integration of configuration factors across surface 1,
from which the form factor is finally derived as the area-weighted mean of
all configuration factors.

Factors are computed for each point along each mapping line, moving
from x-left to x-right, by translating the origin of the surface 2 coordinate
system in x. The analysis and equations are organized for minimum compu-
tational time; constants at each loop level are computed once prior to loop
entry. Because the usual output desired is only the form factor, configuration

- 20 -
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factors per se are not. computed unless a detailed output is requested. A
numerical mtegratmn of cornputed point function with respect to x is performed
before proceeding to the next line. After all horizontal integrations are
completed, these products'are integrated with respect to y, and divided by

the mapping area computed in subroutine MAP. :

A standard 24 x 24 grid results in 625 configuration factors to be
computed. The question naturally arises as to whether this many configura-
tion factors are actually required. If the configuration factor changes very
little across surface 1, then it is probably too many; but if there are sharp
changes in the factor, and third place accuracy is desired, then it is
- probably. sufficient. Contrary to expectations, a more sophisticated inte-
gration rule ‘such as Simpson's or Weddle's is not as accurate as the
trapezmda;l rule for standard increments if the factor function slope changes
rapidly. - Weddle's Rule was initially used, which explains why the program
increment control is in groups of six. If the factor varies smoothly, a 6 x 6
Weddle Rule integration (49 factors) is probably as accurate as the standard
625 factors presently used by the trapezoidal rule. . The time saved is
appreciable when running many factors. If desired, Weddle's Rule may be
inserted in the source deck and compiled with no other changes required.

The form factor computed by the above is from that part of surface 1
which ""sees' surface 2. If surface 1 is bisected, then the computed factor
must be reduced in proportion to the area reduction. This is required

because all of surface 1 entered in data is considered to be involved in
radiant-~interchange with surface 2,

GENERAL RULES AND RESTRICTIONS

The following general rules and restrictions must be observed for
normal program operation:

1. All data must be derived from right-handed rectangular

coordinate systems.

2. Points 1, 2 and the last point in plane surface input data
(class 1) must not form a straight line in space.

3. The active side of a plane or nonplanar surface is established
by entering the boundary points in counterclockwise order,
as they appear when facing the active side.

- 21 -
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If the factor to a class 2 (nonplanar) surface is required,
only the active surfaces should be seen from any point on
surface 1, and they must also be seen from eve ry point on
surface 1, '

Detailed restrictions and limitations upon input data are given

in Section III,

- 22 -
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SECTION III. INPUT DATA

DATA SPECIFICATIONS AND SPECIFIC RESTRICTIONS

Input data consists of title cards, surface data, transformation data and
factor request data. Title cards are discussed under Program Control.

Data type is classified by the use of the integers 1,2, or 9 placed in
column 1 of the data name card, followed by a 1 to 5 FORTRAN character
name to provide data idéntity within each class. The classes of data are
described below.

Surface and Transformation Data

Class 1 - Plane Polygon

The x, y, and z coordinates of each point defining the surface boundary
are required, Only one side of a single plane surface can be made active for
a particular factor computation, i, e,, mayinterchange radiant flux with
another surface. The active side is established in the following manner: face
or look at the desired active side, and select any point on the surface boundary
as point number one. Proceeding in a counterclockwise direction about the
boundary of the surface, select the remaining points in sequence. If this
rule is followed, the surface will always be on the left when moving along the
boundary. The active side may be reversed in a factor request by use of the
"9R" pseudo-transformation,

The x, y, and z coordinates of each point are entered on the data cards
in the above sequence, and each point is numbered internally according to its
position in the data.

It is assumed that a class I surface is a plane surface. An internal
check is made to verify this; a warning is printed if it is not substantially
plane. If a substantially nonplanar surface is classed as a plane surface,
serious errors in mapping could result if it is used as surface 1, or wrong
factors could be computed if it is used as surface 2. See item 4 of General
Rules and Restrictions, Section IL

Class 2 - Nonplanar Surface

»

Two or more plane surfaces, not in the same plane, adjoining or
connected, and entered as one package are termed a nonplanar surface.

- 23 -
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A elass 2 surfa.ce can be used as a surface 2 1f the s1de of each facet

- selected’ as the active side, and only those sides, are seen from every point -
on the actlve side of surface 1. The counterclockwnse order of data entry to

, establish the active s1de is also reqmred as in class 1, but no orientation
' vector is generated -

Cla.ss 9 - Tra.nsformatﬂi:bn Daté "

Transformation data consists of the coordinates of three points in-a
surface, not in a straight line, derived from the ''new''position of a surface
that has been moved in its coordinate system. One may, with equal validity,
interpret the transformatwn to mean that the origin of the coordinate system
is being moved to a dlfferent positlon, and the data are the’ coordmates of each -
point taken from the new origin. The three points selected need not be chosen |
or entered in any Iiarticulaf order, nor must the same points be used if more
than one different primary ‘transformation of the same surface is'desired.
The pseudo- transformatmn name '"9R" is not entered in data, but only in -
factor requests

Fa.ctor Requests

Factor 'requ‘.estsv specify, for each factor desired, the following:

1. The name of surface 1 data

2. The name of surface 2 data

3. The names of surface 1 and/or surface 2 transformation data
4. Whether a standard (minimum) or detailed printout mode is

desired. The code ''D'" signifies that a detailed printout is
desired. The code ''N'" signifies that a standard printout is
desired. The code ‘‘blank'’ is a command to use the printout
mode used for the prior factor request with the following
exception. The program is initialized to the standard ''N"
mode before the first factor request is processed and by a
title card.

5. The horizontal and/or vertical divisions to be used in mapping
surface 1. The major divisions that can be used are 6, 12, 18,
24, 30, 36, 42, 48, 54 and 60, but these are specified in the
factor request by the integers 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10. The presence of a blank field is interpreted in a similar
manner as the output mode specification.

- 24 -
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DATA DIMENSION RESTRICTIONS

1. There is a maximum of 30 boundary points (90 coordinates) for
each surface entered as class 1 or 2, and a maximum of 80 surface
data entries. '

2, The.tc)rté.l nur"n,bé‘r of class 9 data must not exceed 30,

3. The total number of factor requests must not exceed 200 for each
set of data, except for the GROUPRUN mode.

PROGRAM CONTROL

The program deck setup is shown in Figure 17. Note the presence of
the title card immediately following the $DATA and Variable Format. A
title card must-have a "T" or an '"I" in column 1. The title card serves
three purposes. Columns 2-72 may contain run identification data such as
job title, user name, date, etc, Second, the presence of this card is a
command to reinitialize data storage locations so that new data may be read
into storage. This means, however that the old data is no longer available
for factor computations unless reentered as new input data. Third, the "I"
control character in column 1 signifies that a card image (columns 1-80)
printout of all data up to and including the END card is desired, prior to data
processing, If an image printout is not desired, a "T'" must appear in
column 1.

FORMAT

All data may be entered on NAA FORTRAN Fixed 10 Decimal Data
sheets, Each line represents 12 card columns with six lines per card,
making a2 total of 72 card columns available for data entry. Columns 73-80
are used for card identification and/or numerical sequencing for sorting
purposes,

Title Card
A title card is characterized by an alphabetical "T'" or an "I'" placed
in column 1. Columns 2-72 are available for job identification, as shown on

Figure 6,

Surface and Transformation Data

All surface and transformation data are preceded by a name card
uniquely identifying the data. A name consists of six FORTRAN characters

SID 65-1043-1
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(a computer "word") and always occupies the first six columns of the name:
card. The data class, the‘i“ntegers 1, 2, or 9, which is part of the name,
must always be placed in column 1. The remainder of the name occupies

- columns 2-6, and it is.important to note that a blank space is considered a
character and a part of the name. For example, the name 151 is not the
same as 1_S1 or 1__Sl_.'j o

The next word on'the name card, columns 7-12 must be left blank.
Decimal input data may be entered in one of two modes. The first mode
utilizes fixed input formating; data must be entered into specified fields on the
card. This is the original and only mode used by FORTRAN II CONFAC 1. ‘
Howeve’r,’ FORTRAN IV features a powerful "free style' data entry technique
called NAMELIST, which is discussed later. This mode of data entry permits
consecutive entry of decimal data separated by commas. In most cases, the
number of cards required to enter data using name is drastically reduced.

The data identified by the name card must follow the name card. There
are two different formats which must be adhered to in entering data.

Class 1 and 2

The number of points to be entered describing the surface appears on
the first line, Figure 7, followed by the x, y, and z coordinates of each point
in sequence. The order in which the points are selected in the surface is
explained in detail in Section III,

Class 9

The first point to be transformed in entered onthe first line, followed
by the x, y, and z coordinates of the ''new'' position of the point as shown in
Figure 8. The second point to be transformed immediately follows on the
fifth line followed by the x coordinate of the new position of the second point,
thus completing the first card. The y and z coordinates of the new position
of the second point are entered on the first two lines of the second card,
followed by the number of the third point to be transformed and its new x, v,
and z coordinates,.

All of the numbers entered in the above data may be entered as fixed or
floating point numbers. If a decimal point is given (fractional numbers must
have decimal points given), the floating number may be located anywhere in
the field (line); if no decimal point is given, the number must be located to
the extreme right of the field (no blanks to the right of the number). The
foregoing applies as well to NAMELIST data entries, except that the field
is defined as the space between two commas {Figure 8).
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Because of present data management restrictions, the full flexibility of
NAMELIST cannot be realized. One cannot, for example, modify surface data.
already entered by selective specification of the subscripts of the points to be
changed in the array. Data already entered cannot be changed except by com-.
plete reentry after reinitialization with the title card. If reentry is attempted
without reinitialization, the program will not process the data properly. "

' The use of the NAMELIST mode of data entry is commanded by the
presence of any: nonbla.nk character in the third word {columns 13 - 18) of the
name card. If the third word is blank, then the standard fixed-format mode
described as before will be used.” The remaining words (columns 19 - 72)
may be used for data identification as shown in Figure 9.

The first column of each card used for a NAMELIST data entry must
be left blank. The embedded blanks in the first word must appear identically
as shown in the various formats illustrating data entry. No data or
alphabetic characters may appear in the card sequence area (columns 73 -
80). Commas are used to separate items of data; there must be no embedded
blanks in the item, but blanks may precede or follow each comma. ‘Data may
be continued on as many cards as required, but a data item cannot be entered
partly on one card and partly on the next. A comma or a dollar sign must
follow the last item on a card; the comma is used if data to be continued, the
dollar sign if not.

Factor Requests

Six FORTRAN words comprise a set of factor requests; two sets may
be entered on one card as shown in Figure 10, The first set starts at column 1
and the second set starts at column 37. Two words (12 columns) comprise
one line on the data sheet. The name of the surface 1 data is entered in the
first word (columns 1 - 6) precisely as it appears in the first word of the sur-
face data name card. The namec of the surface 2 data is entered in the second
word (columns 8 - 12) precisely as it appears in the first word of the surface
data name card. If a primary transformation of surface 1 is desired, the
desired transformation data name is entered in columns 13 - 18, otherwise,
it is left blank. If a primary transformation of surface 2 is desired, the
name of the transformation data is entered in the fourth word, columns 19 -
24. If a standard output is desired, the character '"N'" is entered instead
of "D." If a blank is entered in both locations, the mode of output will be
the same as the last factor request. The horizontal mapping division integer
is entered in column 30 or 29 and 30. Similarly, the vertical mapping
division interger is entered in column 36 or 35 and 36. If columns 29 and 30
are left blank, the horizontal mapping division used will be the same as the
last factor request. If columns 35 and 36 are left blank, the vertical mapping
division will be the same as the last factor request. The above format is
repeated in the same manner, starting from column 37 on the fourth line, for
the second set of factor requests on the card. A maximum of 200 factor
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requests maﬁ be entered. (See Da.ta. Dimension Restrictions for hmitatlons
on number of factor requests). The only requirement is, of course, that the
data called for has been loaded in under the names used.

END Card ‘ ;‘

Factor request data must be terminated by an END card. This card
consists of the entry of the word END starting in Column 1, This card signals
the end of the data package consisting of the title card, surface and trans-
formation data and fa.ctor requests Any number of such data packages may
follow. :
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SECTION IV. PROGRAM OUTPUT

Input data is processed and printed out for programmer verification
prior to use in factor computations. The orientation vector head end is also
printed out for all plane surfaces, so that the "active'' side used by the
program is clearly shown. Factor requests data are also printed out. If
an ''I'" was placed in column 1 of the title card, an image of each card will
be printed.

A standard "minimum' output consists of the following:
P , g

1.

2.

10.

Run number

Factor request data

The computed form factors from surface 1 to surface 2
The surfaceﬂl mapping area

The exchange coefficient (fA product)

The total area of surface 1

“If surface 1 is bisected, the area seen by surface 2

The total area of surface 2
If surface 2 is bisected, the area seen by surface 1

The form factor from surface 2 to surface 1, if surface 2 area
is known,

If a detailed output is requested, the minimum output plus the following is

printed:

1.

The final coordinates of surface 1 and surface 2 prior to compu-
tation of configuration factors.

The x-left and x-right coordinates for each y division of surface 1
mapping, including horizontal and vertical divisions used.
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3. Each configuration factor computed. The output is given in groups ’
of factors easily identified because the last factor in a group '
occupies a line by itself. Each group contains the configuration
factors computed on a mapping line. The first factor in the group
is that c0mputed at x-left and the last factor in the group is that
computed at x-right. The first group represents the first mapping
line, the second group the second mapping line, etc.
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APPENDIX A. SAMPLE PROBLEMS

A number of sample problems have been devised to illustrate the
capabilities and limitations of CONFAC I.

The surface configurations upon which the sample problems are based
are shown in accompanying illustrations. Each illustration is conveniently
grouped separately with the problem description pertaining to the surfaces
shown in the illustration, along with the input data sheets, factor request
data program output, and a short discussion. -

SAMPLE PROBLEM GROUP A

The geometry of this group is shown in Figure 11. The data sheets
are shown in Figure 12 and the results are presented in Figure 13. The
standard and namelist modes of data entry are demonstrated. Note the ,
card. unage pnnttout produced by the "I'' card.

Problem 1A

In Figure 11 (Al), the factor between the floor of a cubical room
(ILFLOOR) and an adjacent wall (1WALL) is computed, using standard hori-
zontal and vertical mapping divisions (24 x 24) on surface 1. A detailed
output is requested and standard data input mode is used.

Note that because no primary or auxiliary transformation occurred,
the final coordinate system is the same as the input data (unprimed) coor-
dinate system. The first mapping line starts at the origin and extends to
point 1 in 1FLOOR.

Problem 2A

,In Figure 11 (Al), any plane surface may be used as surface 1 pro-
viding it has been properly entered in data prior to the factor request. To
demonstrate, the wall (IWALL) now acts as surface 1, and the factor to the
floor (IFLOOR) is requested,

Note that surface 1WALL is not in the xy plane of its input (unprimed)
coordinate system. The program, therefore, had to perform an auxiliary
transformation of both surfaces to the primed system shown, prior to factor
computation, to get surface 1 in the xy plane.
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z z 2WALLS
Y
A
o
1FLOOR—= IWALL IFLOOR—= 2WALLS ‘
IWALL ——1FLOOR 2WALLS —= IFLOOR (ERROR)
Xl
(Ap) (A2)
2WALLZ
z TWALLR z Y
L Y ‘ . -
5 4

LA
/ 1FLOOR
] /V

3 ._/43'
3 X2
1FLOCR A//B
5 47 1
o —= X

1FLOOR —= 1WALLR

TFLOOR—=2WALLZ

(A3) (Ag)

Figure 11. Sample Problems Geometry Group A
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" Problem 3A

InFigure 11 (A2), the factor from the floor (1FLOOR) to two adjacent
walls taken together (ZWALLS) is requested. This is a valid request because -
the boundary data describing 2WALLS form a valid silhouette of 2ZWALLS
from any point on 1FLOOR. The factor should be twice that to one wall -
alone.

Problem 4A

The program cannot:validly compute the factor from a nonplanar sur-
face. A class 2 surface is assumed nonplanar. The factor from 2WALLS to
IFLOOR is requested in order to elicit the diagnostic, warning the user that
this is a nonplanar surface.

Problem 5A

In Figure 11 (A3), the necessity for proper order in data entry is
emphasized. The wall data are deliberately entered in a clockwise direction
(1WALLR) looking at the active surface, instead of counterclockwise. Hence,
the orientation vector points in the wrong direction. The factor from
IFLOOR to 1WALLR is requested in order to elicit the diagnostic which
alerts the user to a possible error.

Problem 6A

In Figure 11 (A4), CONFAC I illustrates the capability of bisecting a
nonplanar {class 2) surface. The factor from 1FLOOR to 2WALLZ is
requested to demonstrate this capability.

Subroutine DOICU bisected ZWALLZ at the xy plane, and reconstruc-
ted the surface by eliminating points 2, 3, and 4, as shown, and creating new
points 2', 3', 4' and 5'. The dashed line 2' 3’ divides surface 1 (1T LOOCR)
into triangular parts, designated A and B. The view of the reconstructed
2WALLZ from anywhere in area B reflects a valid silhouette in the proper
counterclockwise order. When reconstructed 2 WALLZ is viewed from area
A, the points still form a valid silhouette, but the order is reversed. This
means the computed configuration factor will be to the hemispherical space
not occupied by 2ZWALLZ, and will be negative. So, subroutine FACTOR
subtracts this factor from 1.0 to yield the correct factor to 2ZWALLZ,

Problem TA

The use of the pseudo-transform "9R'" is demonstrated by applying it
to the 1WALLR data to cause the oricntation of the surface to be reversed
prior to factor computation. A standard output is requested.
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Problem 8A

‘ IFLOOR and 1WALL data are reentered along with the coordinates of
the back-wall entered as 1BKWAL. Then a GROUPRUN factor request is
entered in order to demonstrate the automatic generation of factor requests

. by this command. A combinational series of factor requests is computed in

the following manner. Factor requests from the first surface entered in
data to all of the remaining surfaces are created. Then, factor requests
from the second surface entered to all of the remaining surfaces are
created. This procedure is repeated to the limit of surfaces entered.

GROUPRUN must be set up as a separate task; i.e., title card,
surface data, GROUPRUN card, and the END card.
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SAMPLE PROBLEM—GROUP B

The g.eqm‘etxfical relationships used in this example are presented in
Figure 14. The data sheets are shown in Figure 15 with results in Figure
16. |

Problem 1B

Double bisection of surfaces is demonstrated. The plane surface
IPLATI and 3DISK are entered as usual in the data.

The double bisection is easily seen in side view of 1PLATI and 3DISK.
The results of the factor reque st from 1PLATI and 3DISK is shown in Run #1
output, indicating the areas in each surface seen by the other. The number
of points defining 3DISK has been reduced to 7 and reorganized because of
the bisection, as seen along the dotted line.

Problem 2B .

The converse factor, 3DISK to 1PLATI, is requested as Run #2.
Because the disk is now surface 1, the final coordinate system in 3DISK is
aligned so that the xvy plane is the plane of the disk, Point 1' becomes the
origin, and line segment 1'2' the X' axis. Note that the exchange coefficients
(fA) are very nearly equal, as they should be because of the reciprocity
theorem.

Notice that the factor from one surface to the other along the line of
bisection is, in reality, zero, but the output is, in some cases, non-zero
though quite small (10'80rder of magnitude). This is caused by accumulated
internal truncation error, and is not significant enough to warrant concern
here.

Problem 3B

The capability of coordinate transformation is illustrated. Run #3
requests the factor from IPLATI to 3DISK transformed to the position shown
by the transformation data 9TDISK. The program detected, after trans-
forming 3DISK, that it bisected 1PLAT1. As the output shows, the part of
IPLATI actually mapped was the trapezoid indicated in the top view, and
in the output final coordinate data.

Problem 4B

It is quite feasible to manually input a surface, transform the surface
to a different location, and then ask for the factor between the original
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Figure 4. Sample Problems Geometry Group B
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surface and the transformed surface. This is shown by Run #4, where
3DISK is used as surface 1, and 3DISK transformed by 9TDISK is used as
surface 2. The output shows a bisection of 3DISK, removing the 4th
boundary point, and therefore adding a point to the final 3DISK surface
boundaries, making it 9 instead of 8. ’

Problem 5B -

The factor from the transformed disk, 3DISK9TDISK, to 1PLATI is
requested as Run #5, demonstrating program flexibility in that surface 1 is
now transformed. The resulting exchange coefficient is very nearly equal
to Run #3, as it should be.
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APPENDIX B. PROGRAM DECK SETUP, LISTINGS, AND MAPS

The program deck arrangement shown in Figure 17 contains a main
program and six subprograms which are listed in this appendix, A listing
. of the main program, 7J370, is shown in Figure 18 followed by a map of the
core storage locations in Figure 19.

The first subprogram UNIVEC is given in Figure 20 and storage map
in Figure 21. Subroutine SELEK is shown in Figure 22 and the memory map
in Figure 23,

The tré,nsformatioh subroutine, TXFRM, is presented in Figure 24
and the map of core storage in Figure 25. The listing and map of subroutine
DOICU are presented in Figures 26 and 27. The listing and map of subroutine
MAP are presented in Figures 28 and 29. Subroutine FACTOR listing and
core storage are given in Figures 30 and 31. Figure 32 shows the variable
~ formats used by this program.

This IBM FORTRAN IV computer program utilizes Fortran input
tape 5 and output tape 6 for input/output data transmission when operating
in the North American Aviation, Inc., version of IBM IBSYS (NAA SYS).
Logical tape 3 is also required when card images are requested.

Those facilities operating under IBM IBSYS but utilizing different
logical tape numbers may easily alter tape numbers by use of the IBSYS
$NAME control card,
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"GROUP RUN"

STANDARD RUN
SETUP

VARIABLE FORMAT |
$DATA ‘
———————

SUBROUTINE- FACTOR

SUBROUTINE MAP

SIBFTC 73375

SUBROUTINE DOICU

SIBFTC 7J374

SUBROUTINE TXFRM

$IBFTC 74373

SUBROUTINE SELEK

SIBFTC 74372

SUBROUTINE UNIVEC

SIBFTC 7J371

MAIN
SIBFTC 7370

S1B3OB CFACH

Figure 17.

GRQUP
ARD

TITLE CARD

RUN

SURFACE DATA
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